An overarching research model is introduced here that can support research for turning sustainable development (SD) from theory into practice. The model describes how existing and future theories, and empirical knowledge related to SD can be utilised to establish explicit linkages-steps-between fundamental SD principles and specific studied practices. The research model is intended to support planning, design and communication of a range of research endeavours such as individual studies, larger projects and research programmes. It internalises a number of insights from the current stock of SD literature such as explicitly linking local solutions to general SD principles, the need to embrace complexity and to use theory, the need for interdisciplinarity, and acknowledging SD as both substance and process. The model and its utilisation are explained and illustrated here by reference to a research example from river basin planning. The model is a critical and constructive attempt to establish structure and strategy in relation to the overwhelming complexity of the sustainability challenge-a challenge which urgently calls for reflective and effective research approaches.
Introduction
The stock of research engaged with sustainable development (SD) is broad, heterogeneous and steadily growing. Nevertheless, a core of ideas has become well established and widely supported across the different disciplinary fields involved. Three such ideas are: the need for an integrated approach with respect to the three dimensions of ecological, economic and social values; keeping within nature's boundaries; and distributing resources justly amongst people and across generations (Jabareen 2008; Leach et al. 2010; Miller 2013 ). Other well-established understandings are the importance of adopting a systems' perspective, employing a long-term perspective, integrating scientific disciplines, and involving local actors in the decision-making that concerns them (Jabareen 2008; Jerneck et al. 2011; Lange et al. 2013; Leach et al. 2010; Morse 2008; Robinson 2004; van Kerkhoff 2014) .
While this says a lot about the implications of SD in general, theoretical terms, important problems remain. A critical problem, which is central to this study, is that the gap between SD's established core ideas and their specific and practical meanings still remains considerable. Many would argue that such questions are too large to be handled with scientific clarity and rigor. Yet examples of studies that focus on linking SD principles and SD theory to specific practices exist within fields such as adaptive management, ecological economics, integrated approaches to SD, and transition management (see e.g. Ekins et al. 2003; Frame and O'Connor 2011; Grunwald and Rösch 2011; Kopfmuller et al. 2009; Luederitz et al. 2016; Nevens et al. 2013; Rosch et al. 2017) . Furthermore, several well-renowned organisations are making important progress in this respect, for example, the Harvard Sustainability Science Program, the Centre for Complex Systems in Transition, the STEPS Centre, DRIFT and the Stockholm Resilience Centre.
Typical SD studies, however, still focus on the achievement of a part of the SD concept, and a certain positive development, such as reduced carbon dioxide emission levels, improved working conditions or participation. Sometimes, more than one positive development is included, for example, when asking how hydropower can be produced while minimising the effects on the river ecosystem. The problem here is not that these are not positive developments, but rather that they are related to another well-established understanding here, namely, that the implementation of SD involves complex systems (Jabareen 2008; Leach et al. 2010; van Kerkhoff 2014) . Such systems involve numerous factors and feedback loops, and the achievement of one positive outcome affects the possibilities of attaining others (DeFries and Nagendra 2017; Wezemael et al. 2012) , for example, the relation between hydropower production and river ecology, and the local economy, the risk of flooding, tourism, and alternative ways of producing energy, etc. Therefore, a fundamental task for SD research is to identify and explain all key factors and their relations, and, to acknowledge all the main inherent value trade-offs (van Kerkhoff 2014). To effectively achieve this, we need to invent new scientific approaches to SD that can deliver the knowledge that society needs to make the decisions and take the actions that steer developments into sustainable paths (Bagheri and Hjorth 2007; Bammer 2015; Leach et al. 2010; Miller et al. 2014; Morse 2008; Sneddon et al. 2006; Wiek et al. 2012 ). Despite complexity.
The key idea forwarded in this study is that because the gap between SD theory and specific practices is so large and complex, it is not possible to turn theory into practice without constructing a number of explicit steps. These steps help us to handle complexity and necessary simplifications with scientific clarity and rigor, in systematic and reflexive ways.
In what follows, a research model for turning SD from theory into practice is introduced. The model describes the establishment of explicit linkages-steps-between a comprehensive collection of fundamental and well-established principles of SD and specific studied practices. The steps are developed by an iterative procedure of alternation and dialogue between SD principles and practice. The intention is to provide structural and conceptual support for planning, design and communication of a range of research endeavours within the evolving discipline of sustainability science; from research programmes, strategies and larger projects to individual studies. The model can also support reviews of current SD research in various fields. Are important factors neglected? Do the utilised theories provide the support needed to grasp the complexity of the problem studied?
The model is hereafter referred to as STEP (the Sustainable development from Theory into Practice research model).
STEP shares many of the fundamental ideas of the promising approaches to transform SD from theory to practice that currently do exist within the fields and organisations exemplified above, such as the idea of complexity of social ecological systems (e.g. adaptive management and resilience studies), of the need for integration (e.g. the field of integrated approaches to SD), and of transdisciplinary research (e.g. transition management). However, compared to these existing approaches, STEP is an overarching research model. STEP is not an SD theory as such that is to be transformed into practice, but merely an overarching model for SD research that describes how existing and future theories, and empirical evidence collected from various fields and disciplines can be utilised and transformed, including the interaction between theoretical and practical kinds of knowledge during that process.
1 STEP focuses on SD research as such. As will be further explained through this introductory paper, STEP intends to, simultaneously, provide support for the following key lessons from the last decades of SD research:
• Effective strategies for turning SD into practice need to embrace complexity, and utilise theory • Disciplinary research provides necessary but insufficient knowledge and perspectives for turning SD into practice. Interdisciplinary research approaches are required • SD research involves two fundamental perspectives of SD: as system and as process • SD can be defined in both general and specific terms.
Specific definitions are dependent on the knowledge and values of those affected. To not lose sight of fundamental SD principles while defining SD in specific terms, the establishment of explicit links-steps-between general and specific definitions of SD is vital part of a process for turning SD into practice To illustrate STEP and show a general way of applying it, a research case will be presented using four generic research steps: map, gap, design and contribute. The case example serves to include concretization to the presentation, while the four research steps represent a general way of applying STEP that can be used, for example, to plan for a research application or a PhD project. 2 STEP stems from my own attempts during the last 15 years, in the context of river basin planning, to handle the SD theory-practice gap.
3 Because STEP's formulation is general, the intention here is to explain the model to the wider SD research community. Application of the model to a range of other contexts and research endeavours will provide knowledge and experience for developing, specifying and refining the model further, and for discussing its usefulness in relation to different types of SD problems.
A background section follows next with the purpose of embedding STEP more broadly in the SD literature. After this, STEP is outlined. Utilisation of STEP is then illustrated by a research case of river basin planning. Last, STEP is discussed in relation to a number of key insights derived from current SD literature as outlined in the background section.
Background: insights from past and current developments of SD
This short outline of the extensive SD field focuses on what can be learned in relation to the issue of converting SD from theory into practice.
Several authors have described the historical and more recent developments related to SD (recommended overviews are: Ekins 1993; Leach et al. 2010; Mebratu 1998; Miller 2013; Pezzoli 1997; Robinson 2004; Sneddon et al. 2006 ). Mebratu's (1998) historical description centres on our understanding of the relationship between humans and nature, and goes all the way back to 10,000 years ago when we lived as nomadic hunters and gatherers. Before the industrial revolution, our thinking about the relationship between humans and nature was basically religious in nature, and the traditional wisdom of living in harmony with nature remains one of the cornerstones of the SD concept (Mebratu 1998) . It was not, however, until the 1980s that the term SD became widely used, primarily as a consequence of the UN-sponsored World Commission on Environment and Development led by Gro Harlem Brundtland, and the publication of Our Common Future in 1987 (Sneddon et al. 2006) . The definition of SD in the Brundtland report 4 is still the one most cited (WCED 1987) . After the WCED-which was the major political turning point that turned the concept into something of a catch phrase-the debates over SD were both vibrant and intense during the 1990s (Leach et al. 2010; Mebratu 1998) . These debates, and the UN Conference on Environment and Development in 1992 (the Rio Conference), did also succeed in shifting the focus of debate from one of defining and understanding SD to turning it into practice (Leach et al. 2010; Mebratu 1998) . From this followed the development of a large and still growing number of management tools, such as sustainability frameworks, indicators, and audit and benchmarking systems, which were designed to help governments, businesses, municipalities and individuals make sustainability a reality (Leach et al. 2010) . It is, however, difficult to find clear evidence of the substantive effect of these efforts, especially if one looks at the still ongoing trends of environmental degradation, resource depletion and risks, such as climate change, water scarcity, and GMOs (Rockström et al. 2009 ). Moreover, a variety of critiques emerged pointing out that these efforts fundamentally involve the support of "business as usual"-type behaviour, that they are not sufficiently theory based and that they are based on a simplified understanding of the capacity of knowledge and statistics to support sustainable decision-making and societal transition (Jordan 2008; Leach et al. 2010; Robinson 2004; Wiek et al. 2012) . From these developments, it has become clear that effective strategies for turning SD into practice need to embrace complexity and utilise theory.
Scientific developments associated with SD began in the field of economics with the development of the theory of limits to growth and environmental limits which was propounded already by Thomas Robert Malthus (1766 -1843 Mebratu 1998) . Subsequent theories of SD in this field have been developed involving definitions of both weak and strong sustainability, and discussions of the possibility of global economic systems and the ability of the market economy to internalise external costs in policy and decisionmaking 5 (Ekins 1993; Karlsson 2005; Leach et al. 2010; Mebratu 1998; Rao 1999) . In parallel with developments in the economics field, ecologists have long studied how resource extraction and pollution affect ecological systems, 2 Various research methods are needed to carry out these four generic research steps. While the issue of methods is highly related to STEP, this introductory paper focuses on the idea of STEP as an overarching model and support for SD research. 3 I developed the main idea of STEP during the finalisation of my PhD thesis as I wanted to explain the overarching research approach to SD of my various individual studies. Since completing my PhD in 2008, the idea has been constantly present. I have been testing and developing it by reflection, and have discussed it with colleagues in other fields. I have also found that there are a number of key problems and insights discussed in the wider SD literature that resemble those I have experienced and attempted to handle by STEP. Through this introductory paper I wish to open up the idea of STEP for wider examination and further development. STEP should be regarded a skeleton and forthcoming work needs to be a collaborative project.
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and from this, the discipline of mathematical ecology blossomed during the 1980s (Leach et al. 2010) . From an ecological perspective, sustainability could thus be defined in terms of the ability of ecological systems to withstand the stresses and shocks caused by human activity-the stability and resilience of ecological systems; see Scheffer et al. (2001) for an excellent example.
From the side of political sciences, the literature covering the two concepts 'SD' and 'governance' has grown steadily over the last two decades. It analyses different modes of governance and their compatibility with SD. Dryzek (2013) , Dobson (2007) and Eckersly (2004) are well-known exponents of such approaches in the literature, while Kemp et al. (2005) and Jordan (2008) provide useful overviews. One important observation made here (and linked to the critiques against the management tools described above) is that there is clearly a need to develop integrated theoretical frameworks for SD governance rather than simply continuing to apply existing and compartmental theories from the wider field of governance theory (Jordan 2008) .
Over time, the arguments for and progress attributable to the use of interdisciplinary approaches to SD have become more evident while interdisciplinary fields such as ecological economics, sustainability science and transition management continue to evolve (Jerneck et al. 2011; Lange et al. 2013; Miller 2013) . In spite of this trend, several different standpoints continue to influence definitions of SD. The main standpoints are: the anthropocentric-eco-centric, weak-strong, thin-deep, neoclassical-political economy, and the universalist-procedural and the pragmatic-value changes (for overviews, see Karlsson 2005; Leach et al. 2010; Mebratu 1998; Miller 2013; Pezzoli 1997; Robinson 2004; Söderbaum 2008) . These different understandings are often dependent, more or less, on the academic traditions of their followers (Karlsson 2005; Robinson 2004 ). While many of these can be seen as complementary, others cannot, and the concept must, therefore, still be understood as theoretically contested. Furthermore, a recent review of the vast field of SD shows that few definitions are actually based on interdisciplinary work (Schoolman et al. 2012) . So, based on the past decade's academic developments it is clear that disciplinary research provides necessary but insufficient knowledge and perspectives for turning SD into practice. Interdisciplinary research approaches are required as a complement.
Within academia, different approaches have been taken to the operationalisation of SD. Miller (2013) , who has undertaken a substantial review of the leading SD journals over the last decade as well as conducting numerous interviews with leading SD researchers, identifies two fundamentally different approaches-the 'knowledge-first approach', and the 'process-oriented approach'. The knowledge-first approach is rooted in the so-called 'universalist' view of SD. In this approach, scientists agree on and are engaged by universal definitions of SD such as the Brundtland definition, which are characterised by a high level of generality and by values that all can agree on. The followers of the knowledge-first approach focus on producing knowledge about the complex dynamics of, and interactions between, human and natural systems. The role of the scientist here is to develop and deliver (objective) knowledge so that the decision-makers can make sustainable decisions. The researchers deliver objective knowledge about the complex socio-ecological systems and the decision-makers handle the value trade-offs connected to societal development. Numerous examples of this approach can be found in research on resilience and adaptive management, ecosystem services, integrated approaches to SD and governance. For typical examples, see e.g. Rockström et al. (2009 ), Carpenter et al. (2009 ), Rosch et al. (2017 ) and Genus (2014 .
In contrast, Miller (2013) identifies the process-oriented approach, which is rooted in a procedural view of SD. By this approach, SD is a political and democratic process with learning as a central component. Research here centres on how sustainability comes to be defined and on how it can be realised rather than on the substantial definition of SD. As such, according to the process-oriented approach, SD can only be constructively defined in relation to a certain local context, since the definition depends on the knowledge and values of those who are connected to that context. The role of the researcher here is more active than in the knowledge-first approach in the sense that the researcher produces knowledge about methodologies and processes for, or even participates in, transition towards sustainability. Examples of this approach can be found in fields of social intervention and action research but transition management might be the most clearly committed field, see for example Rotmans and Loorbach (2009), Loorbach and Rotmans (2010) and Nevens et al. (2013) . Collaborative or participatory research designs are often used, where the scientists intervene within the study subject. See Lang et al. (2012) for an overview of the state and challenges of such research designs.
From Miller's review (2013) , it is clear that SD research involves two fundamental perspectives of SD as system and as process (see also e.g. Bagheri and Hjorth 2007; Robinson 2004) . It also follows that SD can be defined in both general and specific terms, and, that specific definitions of SD on the local scale are dependent on the knowledge and values of those directly and indirectly connected to that locality (see also Kemp et al. 2005; Morse 2008 ). Furthermore, the establishment of explicit links between general and specific definitions of SD is vital part of a process for turning SD into practice (Chesson 2013; Davidson and Venning 2011) .
After the presentation of STEP in the following section and the case example, we will return to the insights highlighted here for the purpose of initiating a discussion of how STEP responds to them.
STEP
SD research is pursued within a range of scientific disciplines and fields. A deliberate effort has, therefore, been made here to carefully select common model concepts, for the sake of explaining STEP for a wide audience. The STEP research model includes the following concepts, which constitute its building blocks:
In short, SD principles form the theoretical and normative frame for SD research endeavours. Practice is the area of application-the issue in which the research aims to promote sustainability. SD frameworks are structured knowledge of varying levels of specification and detail-the steps that link theory and practice. An SD framework can be developed or utilised in a study by a theory-based approach, which uses a theoretical basis for its study design, or by a practice-based approach, which builds on empirics.
These concepts are defined, explained and related to each other in the following step-wise elaboration of the model and the model illustration (Figs. 1, 2, 3).
SD principles
A basic feature of STEP is the use of SD principles as a theoretical and normative frame for SD research. A sustainability principle (SD principle) is defined here as a fundamental component of SD which is well established within the scientific literature. Even if definitions and perspectives in respect of SD vary, it is possible to identify and formulate a number of such principles associated with SD. In a literature review (Hedelin 2008b) , 6 seven SD principles that are generally adopted have been identified. These principles are described using different wordings in literature but grouped into seven distinct principles (Table 1) .
Reference to these SD principles is a way of explaining SD in general terms, as illustrated in Fig. 1 . The SD principles may, however, have different relevance and importance in relation to a specific studied practice. A first step when applying STEP is, therefore, to carefully assess the practice at hand in relation to the set of SD principles, and select those SD principles which are of greatest relevance and importance. Principle selection is generally necessary both for reasons of systematic simplification and of relevance. In cases where all principles are assessed to be equally or almost equally important, all principles need to be included, because a sustainable practice cannot counteract any relevant SD principle. Such a comprehensive approach would require extensive research and a large number of related studies.
The selection of principles is a fundamental choice because it steers both the theoretical and normative premise of the research. Principle selection should be based on what is currently known about the type of practice at hand. It can be based, e.g., on a broad literature review or on interviews with a broad group of researchers. The disciplinary backgrounds of the persons that make the selection of SD principles for a particular practice will influence the assessment. Therefore, a prerequisite here is that a broad interdisciplinary and critical research perspective is applied. Based on an initial review, it might not be obvious which are the most relevant principles in relation to the practice at hand. Therefore, the selection of principles must be iteratively reassessed during the course of a research process. The search terms 'sustainable development', 'theory', 'concept' and 'principle' were used in different combinations (mainly in the title field). References of the included papers, and papers that cite included papers, were also included (using the Relater Records function in Web of Science). Assessment of the paper's relevance for the question "what, at a fundamental level, does SD imply?" was used as basis for selection and for reviewing their content. The selected papers included studies with a theoretical, generic perspective on SD, but also papers on SD from the fields of river basin management and planning. The review was completed when no relevant content outside of the derived categories were found after continued reviews of a large number of additional papers.
Practice
Practice is defined here as the area of application of SD. In other words, the issue for which one wants to turn SD from theory into practical activities, solutions or decisions. Examples of practices are: river basin planning, energy system policy, environmental technology, transportation systems, chemical substances law and an institutional system for environmental governance.
SD frameworks
The gap between general definitions of SD and ways of defining SD that apply to a specific practice is considerable, and without one or several steps in between there is an obvious risk of losing track of the SD principles during the process of explaining and defining SD in detail. To support the systematic establishment of such guiding steps between SD principles and practice, STEP includes SD frameworks. An SD framework is a structure of systematised knowledge that explicitly describes, in greater detail than the SD principles themselves, what the selected SD principles imply for a certain practice. See Fig. 2 .
The SD framework can be characterised by its level of detail. With low levels of detail the character of the SD framework is theoretical. This kind of SD framework is illustrated by the larger inner circle. For more applied research, an SD framework of a more specific, detailed, character is useful, illustrated by the smaller inner circles. Such a detailed SD framework is more context dependent, so as the level of detail of the SD framework increases, the practice it applies to becomes more specified and delimited. This is illustrated by the decreasing circle size.
Theory-based and practice-based approaches
Figure 3 provides a complete illustration of STEP, including its last two concepts. A theory-based approach is when the most relevant SD principles are used as a basis for deductively deriving an SD framework with more specificity than the principles. The framework defines SD for a certain practice, and it can be used as theoretical basis for deductive research aimed at delivering an understanding of, and developing, that practice. To continue the research process with a theory-based approach, a new SD framework with a higher level of detail than the first framework would be derived based on the previous SD framework.
The practice-based approach uses empirical knowledge to develop an SD framework. This is an important complement to theory-based approaches, especially when it comes to the establishment of SD frameworks with a high level of detail. Such empirical studies of inductive design can also be used to analyse and to assess existing SD frameworks: Does the SD framework capture the main aspects of the practice that it is targeting? If important aspects are missing, this could indicate that the SD framework may not include the most relevant SD principles in relation to the studied practice, and a need for further theory and/or framework development. Both theory-based and practice-based research approaches, and combinations of these, can be used to develop an SD framework. When it comes to developing a specific practice, however, as in a research and development project, the use of transdisciplinary 7 research designs is often needed. Such studies combine theory-based and practice-based approaches, and allow theoretical and contextual knowledge to interact directly in a dynamic but structured research process revolving around the SD framework.
Illustration of STEP: the case of sustainable river basin planning
The case example illustrates STEP and shows how it can support research that explicitly links SD theory to specific practices. The example is taken from my own research and includes several individual studies on water and flood risk planning over the last 10 years which centre on sustainable planning procedures in Sweden and EU (Hedelin 2007 (Hedelin , 2008a (Hedelin , b, 2015a (Hedelin , b, 2016 Hedelin and Lindh 2008) .
The case is structured by four basic research steps, such as map, gap, design and contribute, which are explained in generic terms before each step is illustrated. These research steps illustrate a general way of applying STEP, which can be used, for example, to plan for a research application or a PhD project. Various specific research methods are needed to carry out these steps. 8 For a full account of the specific methods used in the studies that make up the case example, see (ibid.). 7 A transdisciplinary research approach addresses societal problems through interdisciplinary research as well as collaboration between researchers and other actors. Its aim is to enable mutual learning processes between science and society (Jahn et al. 2012; Lang et al. 2012) .
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Map
The studied field of practice is the related fields of water resources and flood risk planning. Sweden and EU, which are studied in particular, are heavily influenced by the EU Water Framework Directive (WFD; EU 2000) and the EU Floods Directive (FD; EU 2007). This extensive legislation aims to achieve sustainable management in relation to water and flood risk issues. For the sake of creating a more integrated planning system, they prescribe the use of river basins as administrative units. Both directives also point to the need to engage the stakeholders affected by the decisions to be made. Participatory and collaborative planning approaches are highlighted as key by both researchers and practitioners, and various kinds of stakeholder-based activities are being developed, practised and studied (e.g. Ananda and Proctor 2013; Koehler and Koontz 2008) . One of the main targets of these studies is to formulate the keys to promoting successful practice, see, for example, Vári (2004) , and Leach and Pelkey (2001) . Participation can, therefore, be considered a main SD principle in this field.
Another SD principle that is broadly recognized both in water resources and flood risk planning research is Integration (e.g. Adam-Bradford 2009; Vinet 2008) .
No theoretical framework that explicitly and comprehensively relate to key SD principles exists in the field.
Practice-based studies dominate the field, and typical study objects are groups of stakeholders taking part, or even taking the lead, in local water management. These groups are typically asked to explain their main achievements and the factors that determined success or failure. This research has established an important knowledge base for these kinds of participatory approaches. Table 2 provides and overview of the case.
Gap
Review and describe key theories and current research related to the field of pracƟce (SD problem authorities (Hovik and Hanssen 2016; Lundqvist 2004) . Implementation has resulted in a highly fragmented and complex water governance system. In Sweden, the directives have led to the establishment of new administrative systems for river basins, and the formation of over 100 water councilsstakeholder groups of municipalities, farmers, river regulators, industries, fishing associations, environmental organisations, etc. But the fundamental participatory intentions have yet been difficult to operationalise (Jager et al. 2016) .
Research on participatory planning in the water field clearly relates to the SD principle of Participation, but it generally lacks explicit and systematic engagement with the SD principle of Integration. Several relevant theories of different levels of detail do exist, however, in relation to both of these key SD principles. These can be found within disciplines and fields such as political science, human geography, psychology, sociology, public administration, multi-level governance, participatory planning and deliberative democracy. No theory or theoretical framework alone, however, captures the range of key aspects connected to participatory water and flood risk planning.
This basic lacuna raises several problems. A main part is related to the fact that participatory approaches are seldom studied in relation to their organisational, political and geographical contexts in this field. For example, are all actors that are indirectly and directly concerned with the issue represented in the stakeholder group? How do persons outside the group assess the function of the group? Do the definitions of success and failure differ between the group members and persons outside of the group? What formal mandate does the group have? What potential democratic problems are related to the participatory planning process? What power issues are involved? This calls for complementary theory-based approaches that make use of theory, and, basing research design on a widened scope of principles.
IdenƟfy -based on the map -important gaps. For example, is there a gap in theory support (steps) between the idenƟfied SD principles and studies of pracƟce? Are any key aspects or principles neglected? What key knowledge is lacking? Are research approaches lacking?
In Sweden and the EU, the implementation of the WFD and the FD into member states' planning systems has proven difficult, due to problems associated with coordination between legislations, democratic models, policy fields, and interacting As explained above, practice-based studies dominate the field. Therefore, another gap is the lack of studies using comprehensive theory-based approaches.
Design
To widen the scope of principles and to develop a theorybased research approach, extensive work was undertaken in relation to the establishment of an SD framework for river basin planning, based on the two SD principles participation and integration. The SD framework is established using a mainly theory-based approach. It is derived from an extensive review and synthesis 9 of the theoretical and empirical literatures dealing with the implications of integration and participation in relation to planning procedures. Later, the framework had been further developed by interviews with senior researchers in the field. The scope of the scientific In several water planning studies in Sweden and of the WFD as such, the SD framework has been used as a theoretical basis for studying water and flood risk planning practices by means of a theory-based approach. Semi-structured interviews and legislative text have mainly been used as sources of data, which mainly have been examined using structured content analysis. Theory-based studies are lacking Theory-based designs, both to establish the SD framework and to assess practice - 9 The production of a synthesis entails the integration of the relevant areas of the literature into a new whole (Kirkevold 1996) . Rather differently from a traditional review, a synthesis claims to present connections that have not previously been made (ibid.). 10 See van Kerkhoff (2014) for an extended explanation of the need for minimal specifications in research methodologies in sustainability science.
Contribute
Design your research programme, study or applicaƟon based on the gaps and on STEP's structure and concepts. For example, if you have found that there is a lack of an SD framework, design a study or research programme for that purpose.
Describe how the study or research programme will contribute to turning SD from theory into pracƟce. ContribuƟons can be of both applied and theoreƟcal character.
knowledge relevant for capturing the complexity of the studied problem is considerable. To address this and to allow for a continued reflexive research design, the framework is of a general character. 10 Another reason for the low level of specification is that the framework is intended to be applicable to a wide range of water and flood risk planning practices.
The main theoretical contribution of this example is the SD framework, termed the sustainable procedure framework (SPF) for river basin planning. See Table 3 for an outline. For a detailed explanation of the SPF and of how it is derived, see Hedelin (2007 Hedelin ( , 2015a Hedelin ( , 2016 .
The criteria that mainly stem from the SD principle Integration are much influenced by research on integrated planning and management (Bellamy et al. 1999; Born and Sonzogni 1995; Margerum 1999; Sneddon et al. 2002) and by research on organisational coordination and collaborative planning (O'Leary and Vij 2012; Prager 2010; Rashman et al. 2009; Susskind et al. 2012; Weiss and Hughes 2005) . These criteria are structured based on the idea that integration can be obtained across disciplines, values and organisations (Jepson 2001) . The criteria most closely linked to the SD principle of Participation are much influenced by participatory planning and deliberative democracy (Dryzek 2013; Grote 2002; Healey 1996) . The criteria are structured according to the main aims related to participation-increasing the quality of decisions, and generating the necessary commitment, legitimacy or acceptance (Hemmati et al. 2002) .
The SPF has been used to provide structured and theorybased analyses of water and flood risk planning practices in Sweden and the EU, explicitly related to the SD concept (theory-based approach). These studies have provided a deeper understanding connected to the WFD and the FD. For example, it has been shown that the implementation of the WFD and the FD is characterised by ambiguous and heavily overlapping mandates, unbalanced administrative and operational powers and democratic deficits (Hammer et al. 2011; Hedelin and Lindh 2008; Hedelin 2015b; Lundqvist 2004) . Through the directives, there has been a movement from local representative democratic decisionmaking towards regional expert-based decision-making ( (Hedelin and Lindh 2008; Hedelin 2015b ). Furthermore, a key problem identified is that the WFD does not support explicit handling of value trade-offs related to water management decisions (Hedelin 2008a) . A main reason is that the WFD constructs the definition of objectives as a complicated natural scientific procedure. This has resulted in a situation where trade-offs are overshadowed by questions of data shortage and expertise (Hedelin 2008a; Hedelin and Lindh 2008) . (Hedelin and Lindh 2008; Hedelin 2015b) .
The studies have also delivered practical advice on how to ensure that the studied practices are better assessed in relation to the two selected SD principles (Hedelin 2008a; Hedelin and Lindh 2008; Hedelin 2015b) . One recommendation is to reformulate the environmental objectives of the EU Water Framework Directive to include value trade-offs. A related example is to focus the participatory activities on the issues that steer the outcome of the planning processes the most, namely the formulation of objectives and granting of exceptions. Currently, participatory activities are mainly concerned with prioritising and implementing environmental measures. Another example is to integrate a request for a participation plan in the WFD that explicitly reports on how to handle issues such as power, representation, resources and efficiency.
Discussion
STEP stems from my own previous work dealing with the blurry and endlessly questioned concept of SD in the field of river basin planning. This section aims to initiate a wider discussion of STEP. It is structured by the following insights Table 3 The table outlines the sustainable procedure framework (SPF) for river basin planning It synthetises research from several fields. For a complete description of the SPF and of how it is derived, see Hedelin (2007 Hedelin ( , 2015a Hedelin ( , 2016 of converting SD from theory into practice.
11 Effective strategies need to embrace complexity and utilise theory, to use interdisciplinary knowledge, to acknowledge SD as both system and process, and, to connect general and specific definitions of SD.
Embrace complexity and utilise theory
Past developments and attempts to turn SD into practice through indicators, audits and benchmarking systems, and simplified understandings of societal transition have taught us that effective strategies for turning SD into practice need to embrace complexity and use theory (Jordan 2008; Leach et al. 2010; Robinson 2004) . To explain in specific terms what SD implies for a certain practice is indeed a difficult and extensive task. There are existing important approaches to and examples of connecting general understandings of SD (SD theory) to specific practices. Specifically, frameworks and evaluation criteria for sustainability assessment derived from general definitions of SD have been developed and used successfully for aiding transdisciplinary transition processes (see e.g. Ekins et al. 2003; Frame and O'Connor 2011; Grunwald and Rösch 2011; Kopfmuller et al. 2009; Luederitz et al. 2016; Nevens et al. 2013; Rosch et al. 2017 ). However, I have not yet found an overarching model for SD research that attempts to span the width of the SD concept and provide a generic structure for relating that explicitly and systematically to practice.
STEP, although simple in its basic form, caters for complexity and theory connection by describing the establishment of interconnected levels of theory in the form of SD frameworks. The intention is to structure synthesised theory and knowledge of key factors and their relations for a certain kind of practice. SD frameworks aim to support systematic studies of complex systems of different kinds, and at different and interconnected levels of specification. Furthermore, using a wide range of fundamental SD principles that are well established in current academic SD literatures as a theoretical baseline, research strategies using the model will be directly or indirectly theory based, and related to the full breadth of SD. Studies using a theory-based approach are directly based on theory, while studies using a practicebased approach are indirectly based on theory because the model holds that such studies need to be combined with theory-based approaches not to lose track of the fundamental SD principles. See the last section here for a discussion of practice-based approaches, and the connection to specific and theoretical definitions of SD.
As shown in the case example, the SD principles included in a study steer how practice is understood. Inclusion of too few principles may lead to a too simplified understanding and to wrong conclusions about how a certain practice can be altered or managed. In the case example, one additional principle was included compared to most participatory studies within the water planning field. This extended the theoretical basis and range of analysed factors considerably. It supported a deeper understanding of participatory processes studied in this field, because the SPF (the SD framework of the case) allows studying participatory processes as integrated, rather than isolated, parts of a governance system. It was shown, by broadening the analysis frame, that while the studied water planning processes have strong potential to enhance the water governance system in relation to the participatory principle, it also brought important problems to the system in terms of democracy.
I assessed the two SD principles included in the case example the main relevant SD principles, based on a broad literature review and on interviews with senior researchers. To ensure, however, that a water planning process that meets the current SPF criteria also contributes to, or does not counteract, meeting any of the other SD principles, continued work on the SPF would be necessary. Surely, my own person and background played an important role in selecting and interpreting the literature reviewed and the interviews. To ensure that such kind of bias do not bring important deficits to a SD framework-in other words, to ensure that it does embrace complexity-an assessment of all the SD principles in relation to the studied field of practice is necessary. That requires a large and truly interdisciplinary research approach, which brings us to the next section. The section below that discusses SD as process and SD as system, which is also related to principle selection.
Interdisciplinary knowledge
Disciplinary research provides necessary but insufficient knowledge and perspectives for turning SD into practice and, therefore, interdisciplinary research approaches are required as a complement (Jerneck et al. 2011; Lange et al. 2013; Miller 2013) . True interdisciplinarity, which adopts an integrated perspective rather than multiple complementing disciplinary perspectives, is still rare, however, and difficult to achieve (Bammer 2015; Schoolman et al. 2012) .
STEP is no solution to the difficulties connected to interdisciplinarity. Scientific traditions, financial systems and research organisational factors play key roles here. STEP, however, provides an overarching research model that can assemble different disciplinary and interdisciplinary perspectives and approaches to SD research. The key component here is using a comprehensive set of well-established SD principles as the theoretical and normative foundation for all SD research endeavours. The SD principles are emphasised and studied within various disciplines and fields, see Table 4 for examples. The task is to select the pertinent SD principles openly and critically in relation to a field of practice, and this is also a demand for interdisciplinarity. STEP provides a structure for interdisciplinary research designs and processes.
In the illustrating case, the SD framework (SPF), which was based on the SD principles, integration and participation, integrates a number of complementary theoretical perspectives and knowledge, for instance, from philosophy, sociology and political science, such as Habermas's ideas of deliberative democracy, Foucault's ideas of power and Ostrom's work related to governance of common pool resources. The SPF was developed by myself 12 through an extensive literature review and synthesis and through interviews with researchers. It includes the two SD principles that I have found to be the main relevant principles for water planning processes. A fully fletched research process for establishing an SD framework would, however, require both various disciplinary scholars and those with broader backgrounds to ensure that the produced SD framework is complete and does not suffer from disciplinary biases. It would be useful, in particular for questions of legitimacy, that the disciplinary backgrounds of the researchers involved in producing or applying an SD framework would be accounted for as part of the reported study method.
Knowledge and methods for interdisciplinary research are evolving, and there are good arguments for the need to establish a new methodological discipline for researching complex real-world problems Bammer (2013a, b) . Such a discipline would indeed be useful for studies described by STEP, and for developing STEP further. Questions to be addressed include: how can STEP be developed further to support truly interdisciplinary research to a greater extent than currently? Can guidance be developed on the disciplines and fields that can best be mined for knowledge relating to the different SD principles and for different kinds of practices? Can guidance be developed on the research methods which are appropriate for different types of STEP studies, at different levels of theory, and for different types of research questions? For example, approaches to knowledge and theory synthesis are needed to develop SD frameworks. Currently, the most commonly advocated such approach is team science, i.e. collaboration between researchers from various disciplines, and a number of supporting tools for team science are already being used and shared within a growing community, such as the Integration and Implementation Sciences (I2S). One example is prenuptial agreements for scientists (Gadlin and Jessar 2002) , which are a list of questions for scientific collaborators that helps identifybefore collaborating-core issues such as authorship, adding additional collaborators, and identification of who does what in the collaboration. Another example is the eight-question framework for scoping (Bammer 2013a, b) , which is a structured way for a group of researchers to review all the possibilities for understanding and acting on a complex problem. A complete list of tools for interdisciplinary research would be long, but still-which new methods need to be developed, e.g. for systematic establishment of SD frameworks? SD as system and process From Miller's review (2013) , it is clear that SD research involves two fundamental perspectives: SD as system and as process (see also e.g. Bagheri and Hjorth 2007; Robinson 2004) . In the main, research applying the first perspective focuses on developing knowledge and understanding of complex socio-ecological systems, see e.g. Holling (2001) , Rockström et al. (2009 ), Carpenter et al. (2009 ) and Genus (2014 . The other perspective is focused on processes of societal transition towards SD, see e.g. Rotmans and Loorbach (2009), Loorbach and Rotmans (2010) and Nevens et al. (2013) . STEP is based on the view that both perspectives are necessary for turning SD from theory into practice. To apply this, STEP includes SD principles of both substantive and processual characters. Two of the principles-'Secured resources and ecosystem functions' and 'Just distribution of resources'-describe sustainable socio-ecological systems in terms of substance. The other principles merely describe SD as an approach, or process. When selecting the main SD principles of a research endeavour, it may help to think of the practice at hand in terms of substance or process, since the principles of one character can be expected to be more relevant for practices of the same character. So, when studying SD in relation to a current or potential future state of a socio-ecological system, the substance principles would be an obvious selection, while the other principles will be more relevant for studies of the planning and decision-making processes that had brought us, or will potentially bring us, to that state. The illustrating case concerns river basin planning processes, why the principles of process character are the most obvious selection.
Nevertheless, STEP is also based on the view that the perspectives are dependent and generally need to be integrated to obtain sustainable practices. In the illustrating case, the developed SD framework concerns SD as process, but it also holds that a sustainable planning process must include all the main knowledge of the socio-ecological system at hand, and, that the participatory process must be related and adjusted to its surrounding decision-making system. STEP also provides support for structuring studies of relationships between process and substance-does a planning process that fulfils SD principles of a processual character for instance always lead to decisions or plans that meet the SD principles of a substantive character? If not-does that indicate that fundamental SD principles are not included in STEP? Or, that included principles need to be reformulated?
While STEP intends to provide support for reconciling the system and process perspectives, this is easier in theory than in practice. As Miller (2013) explains, the two perspectives include different views of the meaning of SD, of the role of researchers and knowledge, and of epistemology and objectivity. Integrating the perspectives requires processes of disciplinary integration, as discussed above.
General and specific definitions of SD
From the fundamental perspectives of SD identified by Miller (2013) , it follows also that SD can be defined in both general and specific terms, and that specific definitions of SD on the local scale are dependent on the knowledge and values of those connected to that locality directly and indirectly (Chesson 2013; Davidson and Venning 2011; see also Kemp et al. 2005; Morse 2008 ). Furthermore, the establishment of explicit links between general and specific definitions of SD is vital part of a process for turning SD into practice (Chesson 2013; Davidson and Venning 2011) . Without such links, there is an obvious risk of losing sight of fundamental SD principles in the process of defining SD in specific terms. This is closely connected to the inherently normative character of the SD concept (Jordan 2008; Leach et al. 2010) .
Through STEP, definitions of SD correspond to SD frameworks of varying levels of detail. The set of fundamental and well-established SD principles is the most general definition of SD, and the only definition that is not dependent on the practice studied. The more specific the SD definition, the more dependent it is on contextual factors, and on knowledge and values of those closely connected to the practice at hand (Hemmati et al. 2002; Morse 2008) . These are harvested by what are called practice-based approaches in STEP.
Having said this, STEP also aims to support making connections between contextual, local definitions of SD and the SD principles. The model acknowledges this by introducing interconnected levels of SD frameworks that provide steps between SD theory and practice. These frameworks of structured interdisciplinary knowledge are systematic and explicit ways of establishing such links and render the gap between general and specific SD definitions smaller.
The illustrating case can be used to discuss in concrete terms how these connections-steps-can be established, and the fundamental role played by the alternation of theorybased and practice-based approaches. In the case example, an SD framework (called the SPF) was developed from key SD principles related to river basin planning by means of a literature survey and synthesis, 13 and by interviews with researchers, which is an example of a theory-based approach. The SPF, although general and theoretical in nature, says a lot more about what SD imply for water planning than the SD principles themselves, and SPF was used to support structured and explicit analysis of such practices in relation to SD. This generated knowledge and practical advice. The empirical studies of the case provide a basis for applying a practice-based perspective on SPF, and the question of whether all the main aspects are covered by the SPF [see Hedelin (2008c) for an elaborated discussion]. Several studies of the SPF's application in different cases would be needed, however, to provide a basis for a systematic study to test the SD framework by a practice-based approach.
If one still assesses the theory-practice gap too large, a way to narrow it further would be to develop an SD framework of a more specific character, based on the SPF. That SD framework could take the form of a general planning process guide including general planning recommendations and tools. Such a guide could, for example, be structured by the SPF and formulate practical advice for each theme, e.g. for the theme integration of disciplinary knowledge, the guide could present typical key knowledge for water planning processes, or ways of identifying such key knowledge, and furthermore, how knowledge integration can be achieved, such as by GIS tools, serious games, shared databases and structured group discussions. Alternatively, a guide could be structured by a number of basic components of a planning process such as mapping of planning context, drawing up a process plan, selection of participants, selection of the main values affected by the process, formulation of alternatives, evaluation of alternatives, etc. Each component could include a description of key points related to it and an outline of suitable methods and tools. A theory-based approach could be used for this purpose, or a combination of both theory-and practice-based approaches. For example, a theory-based approach could be to review and summarise current applied literature on participatory planning by utilising the SPF as a structuring tool for the review. To combine that with a practice-based approach, the planning guide could be developed in as a stepwise process with alternation between literature review and planner's workshops. The SPF would be used to provide structure and theory basis for the process.
To continue to render the distance to practice smaller, the next step could be to develop a framework for action (an SD framework at a very specific level) such as a handbook or a process plan for specific actors in a specific context. For doing that, the SPF, or the more specific SD framework based on the SPF (such as a planning guide), could be used as a theoretical baseline and structure for a transdisciplinary research process that directly combines theory-based and practice-based approaches. If the intention would be to generate a plan for a specific process such as the development of a reginal river basin plan, the work could start by identifying the most affected actors of the process. A group of persons that could represent these actors could then be directly engaged to develop the process plan together with the responsible authorities and researchers. The process plan would contain issues of communication (data management, knowledge/information acquisition need for a webbased portal? meeting documentation, etc.), identification and handling of the main uncertainties, relationship to other decisions and plans, time plan, number of meetings, ways of making decisions, methods for learning and knowledge integration, ways of handling conflicts, ways of handling changes to the process, etc. The process plan could be remitted to the larger group of affected persons to incorporate their knowledge and to increase legitimacy for the planning process. During and after the resulting planning process, the SPF could be used to evaluate and learn from the process. Besides providing a theory-based case study for research, the evaluation could be used directly to adjust the ongoing planning process.
Establishment of SD frameworks and ensuring the necessary connections between these steps requires an array of methodological approaches. STEP does currently not include practical guidance for carrying out such studies. Which research methods exist at different levels of specification, for example, to ensure that the SD frameworks work as intended to link theoretical and practical levels? Even though inter-and transdisciplinary research has shown to be difficult to achieve in practice (Bammer 2015) , knowledge of such methods do exist, for instance in fields as action research, transition management and transdisciplinary research (Fam et al. 2016; Lang et al. 2012; Loorbach and Rotmans 2010) . A growing amount of literature from these and other fields presents practical tools for how researchers and practitioners can work together to accomplish science-based solutions to real world problems, which is key for constructing SD frameworks of specific and applied character. One example of such a tool is the framework for co-production developed by Enengel et al. (2012, p. 108 ) that can help identify what types of actors that may contribute with what kind of knowledge in different research phases. Another example is various participatory modelling approaches, such as conceptual modelling, cognitive mapping, and agent-based modelling, where researchers and other stakeholders engage in modelling processes to explore and manage complex socio-environmental systems. See e.g. Badham (2010) for an overview of such modelling tools. They can be used to generate knowledge about a particular system, to explore the knowledge, values, mental models and even cultural models of key stakeholders, and to support learning. I wonder if STEP has a role to play in structuring the knowledge and application of these kinds of research tools.
The next step
This then is the research model STEP. The main merits of the model are its potential to provide structural support for scientific management of SD complexity, and its operational character. Hopefully, STEP can be useful in describing, communicating and supporting the progress of ongoing research endeavours in respect of turning SD into practice, and, for supporting the design new research endeavours. STEP could also be used as a basis for structuring analysis of research in the various SD fields and for designing research agendas and large research programmes. As discussed, the interdisciplinary, open research approach that STEP aims to support is, however, often difficult to achieve in practice (Bammer 2015) . Research traditions, organisational issues, politics and funding issues can make an open research approach hard to apply (Schoolman et al. 2012) . Nevertheless, prevailing trends are pointing in the right direction and changes can occur quickly once the groundwork is prepared. I believe that STEP can make a contribution to such a change.
Utilisation of STEP will also help to produce knowledge about STEP's function and further development. The model should be regarded as a skeleton that needs to be fleshed out, specified, examined and debated in forthcoming academic work. A number of questions that such work can focus on have been raised in the discussion.
Through this paper, I hope to inspire a critical and constructive discussion of how complex SD problems can be scientifically managed in our strive to contribute to SD, and with this in mind I invite you to take part in the utilisation and further discussion and development of the model-STEP's next step.
